INTRODUCTION
It is well known that the vascular complications of diabetes mellitus represent the major cause of morbidity and mortality among diabetics. Early studies using the light microscope associated thickening of retinal capillary, and glomerular basement membranes with diabetic microangiopathy (1, 2, 3) . Since that time, morphological studies using the electron microscope have confirmed thickening of basement membranes of diabetics in the glomerulus and skeletal muscle capillaries as a consistent pathological feature of the lesion (4, 5, (6) (7) (8) (9) (10) (11) (12) . In addition, two reports have correlated diabetic retinography with muscle capillary basement membrane thickening (7.13) .
The production of rnicroangiopathy in the experimentally diabetic animal has proven to be a very lengthy process requiring 7-9 years in Macaca mulatta and 5-7 years in dogs (14, 15) . After 6-15 months of streptozotocin-induced diabetes in Macaca mulatta, significant basement membrane thickening of muscle capillaries was not found (16). In s p on t an eo us I y d i a bet ic Maca ca n igra, s I i g h t I y t h i c ke n ed capillary basement membranes have been shown to correlate significantly with thedegree and severityof diabetes (17, 18) .
Basement membrane thickening (BMT) of aortic endothelial cells has been reported in rhesus monkeys after 29 t o 30 days of a cholesterol, peanut oil diet (19). Because of this report, it was of interest to determine if similar BMT occurred in the microcirculation (skeletal muscle) of rhesus monkeys fed such a diet (19) .
The objectives of this study were to assess skeletal muscle capillary basement membranes of rhesus monkeys by using the electron microscope after an eighteen week feeding study of a cholesterol and peanut oil diet. Also, to determine if such a diet can be used for rapid production of an animal model of basement membrane thickening, possibly similar to the BMT associated with diabetic vascular disease. ' MATERIALS AND METHODS Seven healthy male rhesus monkeys (Macaca mulatta), approximately 2-3 years old (by dentition), and averaging 2.4 k g in weight, were used. Four were fed a diet containing 25% peanut oil and 2% cholesterol and three a standard Purina Monkey Chow diet for eighteen weeks. The monkeys were examined weekly for physical condition and the bodyweights recorded. Blood samples were taken at the start and at six week intervals during the study to measure serum cholesterol, triglyceride and glucose levels.
Biceps femoris muscle biopsies obtained by open surgery, rather than by needle biopsy to reduce trauma to the tissue, were taken at week 0 and week 18 of the experiment. The second biopsies, obtained after 18 weeks, were taken approximately two centimeters lateral from the initial biopsy site. The muscle samples were fixed in 3% phosphate buffered glutaraldehyde, (4OC), washed in buffer, post-fixed in 1% phosphatase buffered osmium tetroxide. dehydrated through an upgraded ethanol series, and embedded in Epon 812. Ultrathin sections (500-600A") were cut with diamond knives, collected on 200 mesh naked copper grids, and double stained with uranyl acetate and lead citrate (20). Survey and photography of capillarieswere performed with a Zeiss EM 9s-2 electron microscope at an initial magnification of 9,500X and a final magnification of 28,500X was achieved at printing. The electron microscope was calibrated weekly using a grating replica grid and latex spheres.
Capillaries of approximately five microns in diameter were selected randomly for measuring basement membranes of both the experimental and control groups. The method described by Siperstein for measuring BMT was used (21) . A plastic overlay with twenty evenly radiating lines from a single point was placed over a photomicrograph of acapillary and where a line intersected the basement membrane a measurement was recorded. Measurements were not recorded where a line intersected a pericyte due to the probable interference of the basement membrane of the pericyte with the basement membrane of the capillary.Ten capillaries were randomly chosen and measured for each monkey from the initial and final biopsies (Table2). Capillariesfrom which less than ten measurements could be made were disregarded. Comparison of mean capillary basement membrane measurements between control and experimental groups for significant change between samplings were tested with a Student t-test.
RESULTS
Control and experimental groups of monkeys maintained good clinical condition during the eighteen weeks of the study. All monkeys gained weight and the body weight increased an average of 0.75 kg per animal for both groups.
Serum cholesterol levels of the experimental monkeys increased during the eighteen weeks of study ultimately reaching hypercholesterolemic levels in the rangeof 444-648 mg %, while levels of the controls remained relatively constant, in the range of 132-184 mg %. Serum triglyceride and glucose levels remained fairly consistent forthe duration of the study (Table 1) .
By electron microscopy, the skeletal muscle basement membrane is seen as a sensely packed amorphous layer directly adjacent to the circumference of the capillary (Figures 1 and 2 ). There was no apparent difference in endothelial cellular morphology of the -capillaries between control and experimental groups (Figures 1 and 2 , respectively). Considerable variation of basement membrane thickness is evident in sections of individual capillaries of both groups (Figures 1 and 2) . Comparison of the means of basement membrane thickness between controls and experimental groups at week 0 did not show significant differences (Table2).The rneansof BMT of both control and experimental groups increased slightly but not significantly during the 18 weeks. The range of variability of individual BMT measurements wassomewhat greater at week 18 than at week 0. However, when comparing -A. Serum Cholesterol Animal No. 1 the increase in basement membrane at the start and con-skeletal muscle capillary basement membrane was chosen clusions of the experiment between groups, no significant because it is relativelyuniform i n thickness as compared with differences were seen by using a Student t-test at a 0.05 level skin capillaries and is also most commonly used for of confidence.
diagnosis of the early microvascular changes of diabetics.
DISCUSSION
Measurements of basement membrane thickness varied This ex,>eriment was designed to investigate further the considerably as is Seen in the range of measurements in observation that basement membrane thickening could be Table 2 . Variations in basement membrane measurements in produced by dietary means (19). Diet has been considered to individual capillaries, between capillaries from the same be a significant factor involved in the development of biopsy site, and asymmetry in basement membrane diabetes and it was our goal to assess the effect of a measurements has been noted before as being a cholesterol and peanut oil diet on skeletal muscle capillary characteristic of capillary basement membranes basement membranes (22,23). By feeding adiet of this typeto 8,10,12,16,17,24-26) . rhesus monkeys we have attempted to identify a short term There was a slight increase in basement membrane primate model Of basement membrane thickening* The thickness after 18 weeks in the experimental group; however, this increase was not significantly different from a similar increase also found in controls. The slight increases noted in capillary basement membrane thickness in both groups may have been due to the previous biopsy site, although precautions were taken to avoid the first site area, stress, or other experimental factors. Aging has been reported to be a factor i n increasing basement membrane thickness; however, the time involved in this experiment is certainly too short for this to be a factor (6, 7, 11) . Basement membrane thickening has been characterized as being either a symmetrical diffuse thickening, a symmetrical segmented thickening, or a focal asymmetrical thickening although variation of these types of thickening might occur along an individual capillary (7) . Vessel caliber has also been mentioned as being a factor perhaps related to basement membrane thickness (16). We have noticed variation of basement membrane thickness within an individual crosssection of acapillary as well as between capillaries from the same biopsy site among and between control and experimental animals. The variabilityof basement membrane thickness must be constantly kept in perspective when attempting to quantitate basement membrane thickening as a factor involved with microangiopathy.
Basement membrane thickening (BMT) is considered by many to be the most common morphological feature of diabetic microangiopathy (5, (7) (8) (9) (10) 12, 21, 24, 25) . Much attention has been given to various ways of accurately measuring basement membranes of skeletal muscle (9, 11, 12, 21, (25) (26) (27) . Various methods have been considered to date but as yet no one procedure has been widely accepted as being the most reliable and accurate. Our survey has measured basement membranes usi?ng the method described by Siperstein (9, 21) .
In the past, there has been limited attempts t o develop a laboratory model of BMT using non-human primates (4,14,-16,17,18 ). Bloodworth has reported that glomerular basement membrane thickening in the microcirculation of monkeys requires several years to develop' following the onset of diabetes (4) . Recently, rhesus monkeys rendered chemically diabetic by streptozotocin for periods of 6 to 15 months were not found to have increased skeletal muscle basement membrane thickness at the end of those periods (16). This would suggest that carbohydrate intolerance, per se, may not be responsible for the changes in basement membrane thickness, at least in this species, and possibly lends support to the genetic theory of diabetic microangiopathy. A slight increase in BMT was recently reported in spontaneously diabetic Macaca nigra, apparently requiring a number of years to develop (18).
Eighteen weeks of feeding a peanut oil/cholesterol diet to rhesus monkeys did not cause an increase in CaPillaW basement membrane thickness when compared to the control monkeys in spite of the aortic endothelial BMT previously reported using the same diet (19). However. considering the enormous morbidity and mortality produced by microvascular disease in the diabetic population, the goal of producing a rapidly induced experimental model of muscle capillary BMT is worthy of further investigation.
SUMMARY
Capillary basement membrane thickening is considered the hallmark of diabetic microangiopathy. To extend the finding that aortic endothelial cell basement membrane thickening was produced i n rhesus monkeys by acholesterol and peanut oil diet, the effects of such a diet on skeletal muscle capillary basement membranes were assessed. Capillary basement membranes of biceps femoris .muscle biopsies from three control and four experimental rhesus monkeys were compared. The experimental monkeys were fed a diet containing 25% peanut oil and 2 0 1 ' 0 cholesterol for a period of eighteen weeks. Within sixweeks, theexperimental monkeys became hypercholesterolemic while serum triglyceride and glucose levels remained comparable to the controls throughout the study. Variability of basement membrane thickness was noted within individual sections and between capillaries from experimental and control monkeys. Limited basement membrane thickening (BMT) occurred in the experimental animals: however, this increase was not statistically significant. A slight but statistically insignificant increase in BMT was also noted in control animals during the eighteen weeks.Various animal modelsof BMT are discussed. .
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Figs. 1 and 2
Cross sections of skeletal muscle capillaries from bicep femoris muscle of control ( Fig. 1) and experimental (Fig. 2 ) monkeys taken at 18 weeks. Thickness of the basement membrane is comparable between these capillaries. Variation of basement membrane thickness is evident in both sections (arrows). Ultrastructually. both capillaries are the same, an erythrocyte partially fills the lumen of the experimental capillary (Fig. 2) and a contractile pericyte (P) adheres closely to its circumference.
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